Efficient removal of dying cells may be particularly important for the resolution of lung injury. Instillation of apoptotic cells into LPS-injured lungs results in rapid abrogation of the inflammatory response following phagocytosis (16) . Conversely, defects in apoptotic cell clearance have been implicated in the pathogenesis of a number of chronic inflammatory lung diseases including chronic obstructive pulmonary disease, cystic fibrosis, bronchiectasis, and asthma (13, 14, 15, 17, 30, 31) .
In our ongoing studies of the mechanisms by which macrophages recognize and remove apoptotic cells, we recently showed that TNF␣ had a pleomorphic effect on apoptotic cell clearance in vitro. In immature monocytes and macrophages, TNF␣ enhanced phagocytosis (see also Ref. 26 ), but in mature macrophages, TNF␣ acted as a potent inhibitor of apoptotic cell engulfment (22) . These observations raised important questions about the potential role of TNF␣ in modifying apoptotic cell clearance in vivo and the possible effect of TNF␣ on the normally anti-inflammatory consequences of the apoptotic cell recognition. Accordingly, a series of in vivo experiments was conducted in which apoptotic thymocytes were instilled into naïve mouse lungs in the presence or absence of exogenous TNF␣. These studies confirmed that TNF␣ reduces the ability of alveolar macrophages to clear apoptotic cells. This resulted in an enhanced rather than suppressed inflammatory response.
MATERIALS AND METHODS
Reagents. RPMI 1640, HBSS, and PBS were purchased from Cellgro Mediatech (Herndon, VA). X-vivo 10 medium was obtained from BioWhittaker (Walkersville, MD), and endotoxin-free FCS was obtained from HyClone Laboratories (Logan, UT). LPS (from Escherichia coli 0111:B4) was provided by List Biological Laboratories (Campbell, CA). Avertin (2,2,2-tribromoethanol), tert-amyl alcohol, red blood cell lysing buffer, and PKH26 Red Fluorescent Cell Linker Mini Kit was obtained from Sigma-Aldrich (St. Louis, MO). Polystyrene flasks and plates for tissue culture were from Becton Dickinson Labware (Franklin Lakes, NJ). TNF␣ was obtained from Calbiochem (San Diego, CA). APC-conjugated rat anti-mouse F4 -80 and APC-conjugated rat IgG isotype control was supplied by Serotec (Raleigh, NC). Rat anti-mouse Fc block (CD16/CD32) IgG2b antibody and rat anti-mouse CD3 (clone 17A2) were purchased from Becton Dickinson. Popper animal feeding needles (22 G, 1.5 in) were obtained from Fisher Scientific (Pittsburgh, PA). Pentobarbital was purchased from Abbott Laboratories (North Chicago, IL).
Animals. Female Balb/c mice were obtained from Taconic (Germantown, NY). Mice 9 -10 wk old (20 -25 g) were used for in vivo instillation assays. Thymocytes were harvested from mice 3-4 wk of age. Wild-type C57BL/6 and TNF␣ receptor-1 (p55) and -2 (p75)-deficient mice (25) were purchased from Jackson Laboratories (Bar Harbor, ME). The Animal Care and Use Committee of the National Jewish Health approved all experimental procedures.
Induction of apoptosis. Mouse thymocytes were prepared by removing thymuses from 3-to 4-wk-old mice and gently pushing the tissue through a 40-m strainer to separate individual cells. Apoptosis was induced by exposing the thymocytes to ultraviolet irradiation (254 nm) for 10 min followed by culture in RPMI 1640 with 10% FCS at 37°C in 5% CO 2 for 3 h. Thymocytes prepared in this fashion were ϳ90% annexin V positive and ϳ20% propidium iodide positive by FACS analysis.
In vivo assays. For all experiments, mice were anesthetized with 0.3 ml of intraperitoneal Avertin (20 mg/ml). Tracheotomy was performed by making a midline incision in the anterior neck followed by blunt dissection. The trachea was cannulated with a 22-gauge needle through which all treatments were administered (2) . To test the effect of TNF␣ on efferocytosis in vivo, mice were divided into four groups as follows: 1) PBS alone; 2) TNF␣ alone; 3) PBS ϩ apoptotic cells; 4) TNF␣ ϩ apoptotic cells. All treatments were administered in a volume of 50 l. PBS was supplemented with 0.1% BSA. TNF␣ was administered at a dose of 50 ng in 50 l PBS plus 0.1% BSA. Apoptotic cells were given as a second injection immediately following PBS or TNF␣. The apoptotic cells were murine thymocytes at a concentration of 10 7 cells in 50 l of PBS. For some experiments, intratracheal LPS (20 g in 50 l of PBS) was administered 48 h before treatment with apoptotic thymocytes and/or TNF␣. For all experiments, whole lung lavage was performed with a total of 5 ml of ice-cold HBSS containing 5 mM EDTA. Leukocytes from bronchoalveolar lavage (BAL) were quantified using a hemacytometer and also processed by cytospin. Slides were fixed and stained with modified Wright-Giemsa stain (Fisher Scientific), and the differential counts were calculated by multiplying cell percentage by total numbers in the lavage. Phagocytosis was quantified microscopically and expressed as the phagocytic index (PI) (16) . The PI was calculated by dividing the number of ingested apoptotic bodies by the number of macrophages counted and multiplying by 100. A minimum of 400 alveolar macrophages were counted blindly. BAL supernatant was stored at Ϫ70°C for future cytokine and chemokine analysis.
Fluorescent cell labeling and flow cytometry. Apoptotic thymocytes were labeled with PKH26 Red Fluorescent Cell Linker Mini Kit according to the manufacturer's instructions. Following induction of apoptosis by UV light, thymocytes were washed with RPMI 1640 and resuspended in Diluent C and PKH26 (10 M) at a concentration of 5 ϫ 10 7 cells/ml. Cells were incubated at 37°C with gentle shaking for 15 min. RPMI 1640 with 10% FCS was added to stop the reaction. Thymocytes were washed once in RPMI 1640 and then resuspended in PBS with 0.1% BSA for instillation. Leukocytes from the airways and alveoli were obtained by BAL. Cells were washed twice in PBS with 1% BSA and incubated with Fc block (1:100) for 20 min on ice. Alveolar macrophages were identified using APC-conjugated rat antimouse F4/80 (1:100 dilution) with an APC-conjugated rat IgG isotype as control (see Fig. 1 ). Lymphocytes were identified by staining with a monoclonal rat anti-mouse CD3 antibody. Samples were washed twice after staining and then fixed with 2% paraformaldehyde in PBS. Flow cytometry was performed on a Facscalibur flow cytometer (BD Biosciences) using Cell Quest Pro (BD Bioscience) software. Final data analysis was performed with FloJo (TreeStar, Ashland, OR).
ELISA. The levels of TGF-␤, IL-10, IL-6, KC, and MCP-1 in BAL fluid were measured by ELISA using Quantikine immunoassays manufactured by R&D Systems (Minneapolis, MN) according to the instructions provided with each kit. For TGF-␤, the supernatant was acid-activated according to the manufacturer's instructions. Color development was assessed using a microplate autoreader (EL309) by Bio-Tek Instruments (Winooski, VT). Data were analyzed using a log/log curve fit option from Delta Soft 3 ELISA analysis software for Macintosh (BioMetallics, Princeton, NJ).
Statistics. All experiments were performed at least three times. The means were analyzed using ANOVA for multiple comparisons; when ANOVA indicated significance, the Tukey-Kramer test was used to compare groups with an internal control. For all other experiments in which two conditions were being compared, a two-tailed Student's t-test assuming equal variance was used. All data were analyzed using GraphPad Prism 3.0 (GraphPad Software, San Diego, CA). Results were expressed as the average and SE. Asterisks are used in the figures to denote significant differences compared with control P Ͻ 0.05 (*) and P Ͻ 0.01 (**).
RESULTS

TNF␣ blocks the clearance of apoptotic cells by alveolar macrophages.
To investigate the effect of TNF␣ on clearance of apoptotic cells from the lungs, we first established an animal model in which TNF␣ (or PBS control) was instilled directly into the lungs of recipient mice followed immediately by a second instillation containing PKH-labeled apoptotic murine thymocytes. Ninety minutes later, the animals were euthanized, and whole lung lavage was performed. Apoptotic cell clearance was assessed using flow cytometry ( Fig. 1 ) and light microscopy. Lavage fluid was supplemented with EDTA to minimize nonspecific binding between the phagocytes and apoptotic cells.
The total number of alveolar macrophages per milliliter of BAL fluid was similar between mice that received TNF␣ plus apoptotic thymocytes (35.9 Ϯ 0.4 ϫ 10 4 ) and mice treated with apoptotic thymocytes alone (33.9 Ϯ 0.5 ϫ 10 4 ). However, the number of PKH-negative macrophages (i.e., macrophages not associated with apoptotic thymocytes) was increased in mice treated with TNF␣ plus apoptotic cells ( Fig. 2A) . In concordance, the number of PKH-positive macrophages (i.e., macrophages that had bound or ingested the apoptotic cells) was decreased in TNF␣-treated animals (Fig. 2B ). This effect was mirrored by a reciprocal increase in the number of free thymocytes in lavage fluid (Fig. 2C) suggesting decreased engulfment of apoptotic cells in TNF␣-treated mice.
To confirm our findings from flow cytometry, we examined Wright-Giemsa-stained samples of BAL fluid with light microscopy. In line with our results from flow cytometry, alveolar macrophages from TNF␣-treated animals demonstrated a 50% decrease in apoptotic cell phagocytosis (Fig. 2D) . Moreover, direct counting of thymocytes from lavage fluid confirmed an increase in the number of thymocytes recovered from mice treated with TNF␣ (Fig. 2E) . Together, these results suggest impaired removal of apoptotic cells by alveolar macrophages from mice treated with TNF␣.
We next sought to determine if the coadministration of TNF␣ and apoptotic cells would result in sustained impairment of apoptotic cell clearance. As with previous experiments, fluorescently labeled apoptotic thymocytes were instilled into the lungs immediately following the administration of TNF␣ or PBS control. Whole lung lavage was performed 24 h later. Results were similar to those from the 90-min time point in that lavage fluid from TNF␣-treated animals contained fewer alve- Fig. 2 . TNF␣ inhibits apoptotic cell clearance by alveolar macrophages in vivo at 90 min. PKH26-labeled apoptotic thymocytes (10 7 per mouse) were directly instilled into the tracheas of recipient mice simultaneously with TNF␣ (50 ng) or PBS as a control. Flow cytometry (A-C) and light microscopy (D and E) were used to assess efferocytosis. Macrophages were identified as F4/80 ϩ events. The number of macrophages that were not associated with apoptotic cells (PKH Ϫ AM) was increased in TNF␣-treated mice (A), whereas alveolar macrophages that were associated with apoptotic cells (PKH ϩ AM) were concomitantly decreased (B). This led to greater recovery of PKH-labeled thymocytes (C). The phagocytic index (number of apoptotic cells ingested per macrophage ϫ 100) was reduced in mice treated with TNF␣ (D). Impaired removal of apoptotic cells from the lungs of TNF␣-treated animals was further supported by an increased recovery of noningested apoptotic thymocytes (E). *P Ͻ 0.05 vs. control; **P Ͻ 0.01, n ϭ 8 per group. olar macrophages with ingested or bound thymocytes (Fig. 3,  A and B) and increased numbers of recovered thymocytes (Fig. 3C) .
Inflammatory cells are recruited to the lungs of mice treated with TNF␣ and apoptotic cells. Impaired clearance of apoptotic cells results in the accumulation of late apoptotic and secondarily necrotic cells. Since the release of toxic intracellular contents from dying cells can exacerbate proinflammatory responses (10, 20, 24) , we sought to determine if mice treated with TNF␣ plus apoptotic cells would exhibit enhanced recruitment of inflammatory cells to the lungs. Mice were treated with intratracheal TNF␣ (or PBS control) plus apoptotic cells (or PBS control) and then euthanized 1, 3, or 5 days later. Total leukocyte recovery was determined using a hemacytometer, and differential cell counts were determined by examining Wright-Giemsa-stained specimens under light microscopy. BAL cellular composition was determined by multiplying differential leukocyte counts by the total number of recovered cells. At 24 h, there were more total cells present in BAL fluid from mice treated with TNF␣ plus apoptotic cells than from mice treated with TNF␣ alone or PBS control (Fig. 4A) . Leukocytes accounted for a significant portion of this increase.
In fact, at 24 h, mice treated with a combination of TNF␣ and apoptotic thymocytes had significantly more monocytes/macrophages ( In concordance with our first set of experiments, at 24 h there were significantly more apoptotic thymocytes present in lavage fluid from mice treated with a combination of TNF␣ plus apoptotic cells compared with mice treated with apoptotic cells alone (data not shown). However, by day 3, the number of apoptotic cells was very low in both treatment groups. These findings suggest that TNF␣ prevents timely removal of apoptotic cells from the air spaces, and more importantly, that delayed clearance of apoptotic cells exacerbates the proinflammatory effects of TNF␣.
TNF␣-mediated defects in apoptotic cell clearance occur through TNF␣ receptors-1 and -2. TNF␣ is a homotrimeric ligand that signals through two distinct cell surface receptors, TNF␣ receptor-1 (TNFR1, p55) and TNF␣ receptor-2 (TNFR2, p75) (19) . To confirm that TNF␣-mediated defects in apoptotic cell clearance occur through these receptors, we used double mutant mice lacking functional TNFR1 and TNFR2 (25) . Wild-type and mutant mice were treated with apoptotic thymocytes and either TNF␣ or PBS. Ninety minutes later, whole lung lavage was performed. Importantly, treatment with intratracheal TNF␣ reduced the clearance of apoptotic cells by alveolar macrophages in wild-type mice but not in the mutant animals (Fig. 5A) . In conjunction, BAL fluid from TNF␣-treated wild-type mice contained greater numbers of apoptotic thymocytes than BAL from TNF␣-treated mutant mice (Fig.  5B) . These findings suggest that TNF␣-mediated defects in apoptotic cell clearance require signaling through TNFR1 and TNFR2.
We next sought to determine if TNFR1 and TNFR2 were involved in the augmented pulmonary inflammation observed in animals treated with TNF␣ plus apoptotic cells. As in previous experiments, wild-type mice and TNF␣ receptor mutant mice were administered intratracheal TNF␣ (or PBS control) with or without apoptotic thymocytes. Whole lung lavage was performed 24 h later. In wild-type mice, coinstillation of TNF␣ and apoptotic cells resulted in greater numbers of macrophages ( Fig. 5C ) and neutrophils (Fig. 5D ) in the air spaces than treatment with TNF␣ alone. This effect was not recapitulated in TNF␣ receptor mutant animals. In these animals, treatment with TNF␣ plus apoptotic cells or TNF␣ alone yielded cell counts that were similar to treatment with PBS.
Impaired clearance of apoptotic cells in the presence of TNF␣ results in the generation of proinflammatory mediators.
We have previously shown that instillation of apoptotic cells into LPS-injured lungs leads to the generation of anti-inflammatory mediators and suppression of inflammation (16) . This effect is dependent on removal of apoptotic cells by alveolar macrophages and is mediated by macrophage release of TGF-␤. However, in our model of TNF␣-induced lung injury, apoptotic cell clearance is impaired and recruitment of inflammatory cells is enhanced. We therefore questioned whether production of anti-inflammatory cytokines (TGF-␤, IL-10) would be reduced in favor of proinflammatory cytokines (IL-6, KC, MCP-1). To investigate, mice were treated with apoptotic cells (or PBS control) in the presence and absence of exogenous TNF␣. Whole lung lavage was performed 24 h later. In the absence of TNF␣, instillation of apoptotic cells into naïve mouse lungs had no effect on the production of anti-inflammatory or proinflammatory mediators (Fig. 6 ). On the other hand, when apoptotic cells were coinstilled with TNF␣ (i.e., under conditions where apoptotic cell clearance was decreased), the levels of the proinflammatory cytokines IL-6, KC, and MCP-1 were elevated significantly. Administration of TNF␣ alone did not increase proinflammatory cytokine levels above baseline. No difference in cytokine and chemokine Fig. 3 . TNF␣ inhibits apoptotic cell clearance by alveolar macrophages in vivo at 24 h. Whole lung lavage was performed 24 h after coinstillation of apoptotic thymocytes with TNF␣ or PBS control. In animals treated with TNF␣, there was an increase in the number of macrophages not associated with thymocytes (PKH Ϫ AM) (A) and a corresponding decrease in the number of macrophages with bound or ingested apoptotic cells (PKH ϩ AM) (B). Greater numbers of apoptotic thymocytes were contained in BAL from TNF␣-treated mice (C). *P Ͻ 0.05 vs. control; **P Ͻ 0.01, n ϭ 6 per group. production was observed in lungs treated with TNF␣ in combination with viable thymocytes.
Inhibition of apoptotic cell clearance by TNF␣ during lung injury exacerbates inflammation. During acute lung injury, high levels of TNF␣ are present in the air spaces. At the same time, massive neutrophil accumulation occurs. Since neutrophils undergo apoptosis in situ and are cleared locally, we wanted to determine if administration of exogenous TNF␣ during an inflammatory response would impair clearance of apoptotic cells and exacerbate inflammation. As a first step, we established the kinetics of a self-limited inflammatory response by administering LPS to wild-type mice via direct intratracheal instillation (Fig. 7A) . Neutrophil numbers peaked 48 h after LPS treatment and returned to baseline within 6 days. We reasoned that clearance of apoptotic neutrophils would be greatest in the period immediately following their peak accumulation and thus chose to study the effects of TNF␣ and apoptotic cells in a 24-h window after the neutrophil peak (i.e., 48 -72 h after LPS). Consequently, we performed a second set of experiments in which we administered apoptotic cells, TNF␣ alone, or TNF␣ plus apoptotic cells 48 h after LPS. Lung lavage was performed 24 h later. In line with our previous observations (16), treatment with apoptotic cells alone abrogated neutrophil counts (Fig. 7B) . Conversely, when apoptotic cells were instilled in the presence of exogenous TNF␣, inflammation was enhanced. Interestingly, administration of TNF␣ alone had no effect on neutrophil counts. Concentrations of the proinflammatory cytokines IL-6, KC, and MCP followed a similar pattern and were elevated in mice that received the combination of TNF␣ and apoptotic cells during inflammation (Fig. 7, C-E) .
To determine if the proinflammatory effects of TNF␣ plus apoptotic cells resulted from impairment of apoptotic cell clearance, we quantified phagocytic ingestions in alveolar macrophages obtained from LPS-injured animals using light microscopy. As expected, alveolar macrophages from mice treated with apoptotic cells exhibited the highest phagocytic index (Fig. 8A) . The coadministration of TNF␣ with apoptotic cells resulted in a significant reduction in the phagocytic index compared with treatment with apoptotic cells alone. There was no significant difference in the phagocytic index between PBS-treated mice and mice treated with TNF␣ (P ϭ 0.35) or TNF␣ plus apoptotic cells (P ϭ 0.12). To determine if exogenously administered apoptotic cells were still present in the airways at the time of lavage, we performed flow cytometry on BAL specimens (Fig. 8, B-D) . Significantly more thymocytes were present in BAL from mice treated with TNF␣ and apoptotic cells compared with mice treated with apoptotic cells alone, suggesting decreased apoptotic cell clearance.
DISCUSSION
Numerous studies have shown that recognition and removal of apoptotic cells by phagocytes can suppress the production of proinflammatory mediators including TNF␣ (8, 10, 16, 20, 27,  28 ). On the other hand, TNF␣ has recently been shown in vitro 5 . TNF␣-related defects in apoptotic cell clearance and enhancement of inflammation occur through TNF␣ receptors p55 and p75. Wild-type mice (white bars) and mice deficient for both TNF␣ receptor-1 and -2 (p55 Ϫ/Ϫ , p75 Ϫ/Ϫ ) (black bars) were instilled with PBS or TNF␣ followed by apoptotic thymocytes (10 7 per mouse). Whole lung lavage was performed 90 min later. The alveolar macrophage phagocytic index (A) and apoptotic thymocyte recovery (B) were determined on Wright-Giemsa-stained specimens. Leukocyte recruitment to the lungs in wild-type and TNF␣ receptor mutant mice was evaluated 24 h after intratracheal administration of TNF␣ (or PBS control) ϩ apoptotic cells (or PBS control). The number of macrophages/monocytes (C) and neutrophils (D) per milliliter of BAL fluid was determined by light microscopy. *P Ͻ 0.05 vs. PBS control, n ϭ 8 mice per group. (22) , and here in vivo, to impair the ability of macrophages to ingest apoptotic cells. In addition, the normally anti-inflammatory effects of apoptotic cell clearance appear to be abrogated in the presence of TNF␣. These observations support the concept that clearance of apoptotic cells represents a balanced response in terms of subsequent inflammation. In other words, phagocytosis of apoptotic cells usually suppresses inflammation; however, in the presence of specific mediators in the local environment [e.g., TNF␣ (22)] or through differential use of receptors (11, 12) , the normally suppressive effect of apoptotic cell clearance may temporarily be overcome. This delicate balance may help explain the observations that have been reported for proinflammatory (rather than the usual anti-inflammatory) consequences of apoptotic cell uptake (20, 29) .
Perhaps the simplest explanation for our observation that the inflammatory response to TNF␣ was exacerbated by coinstillation of apoptotic cells is that TNF␣ impaired the normally prompt removal of apoptotic cells from the lungs. As a result, the apoptotic cells underwent secondary necrosis, releasing proinflammatory components of their cell membranes and Fig. 6 . Coinstillation of apoptotic thymocytes with TNF␣ results in proinflammatory cytokine and chemokine production in the lungs. Wild-type mice were treated with TNF␣ (or PBS control) followed immediately by apoptotic murine thymocytes (or an equal volume of PBS as control). Viable thymocytes were administered with PBS or TNF␣ as an additional control. Whole lung lavage was performed 24 h later. ELISA was performed on cell-free supernatants. Coadministration of apoptotic thymocytes with TNF␣ had no effect on TGF-␤ or IL-10 levels (P Ͼ 0.05), but led to increased IL-6, KC, and MCP-1 proinflammatory mediator levels. *P Ͻ 0.05 vs. TNF␣ alone; **P Ͻ 0.01 vs. TNF␣ alone, n ϭ 8 mice per group. Fig. 7 . Instillation of TNF␣ with apoptotic cells during lung injury exacerbates inflammation. Neutrophil counts were assessed in BAL from wild-type mice challenged with 20 g of intratracheal LPS to determine the time point associated with maximum inflammation (A). For subsequent experiments, mice were treated with intratracheal LPS followed 48 h later by a second intratracheal administration containing PBS, TNF␣, apoptotic thymocytes, or TNF␣ ϩ thymocytes. BAL was performed 24 h later and analyzed for neutrophils (B) and inflammatory cytokines (C-E). Neutrophil counts were elevated in mice treated with TNF␣ ϩ apoptotic cells vs. all other groups. *P Ͻ 0.05, n ϭ 12 mice per group. toxic intracellular contents into the air spaces (10, 24) . In this context, it is important to note that the neutrophil influx that followed was short-lived and paralleled the disappearance of apoptotic thymocytes. An alternative explanation for the augmented inflammatory response that occurred after coadministration of apoptotic cells with TNF␣ is that TNF␣ impacted macrophage phagocytic receptors. In this case, we hypothesize that anti-inflammatory phosphatidylserine recognition mechanisms were reduced (16) and that proinflammatory calreticulin-LRP (LDL receptor-related protein) pathways were enhanced (11).
It is well known that TNF␣ itself can induce an inflammatory response. Thus our experiments used concentrations of TNF␣ that caused only mild inflammation, yet suppressed apoptotic cell clearance. Our studies were carried out with apoptotic thymocytes, largely for technical reasons that allowed us to distinguish them from acute inflammatory cells (mostly neutrophils and monocyte/macrophages). In vitro studies have not shown marked differences in the way macrophages recognize and respond to different apoptotic cell types; however, neutrophils that undergo secondary necrosis would be expected to induce far greater tissue damage than thymo- cytes. With this in mind, we expected that administration of exogenous TNF␣ at the peak of an inflammatory response would exacerbate lung injury by preventing clearance of apoptotic neutrophils. Surprisingly, this did not occur. Alveolar macrophages obtained from mice treated with LPS and TNF␣ contained approximately the same number of apoptotic cells as macrophages obtained from mice treated with LPS alone. Moreover, BAL neutrophil counts and proinflammatory cytokine levels were similar in the two groups. Only animals treated with TNF␣ and apoptotic cells exhibited an exaggerated inflammatory response following LPS.
There are several explanations for why TNF␣ alone (i.e., without concomitant administration of exogenous apoptotic cells) failed to augment LPS-induced inflammation. One possibility is that neutrophil apoptosis was delayed by the administration of TNF␣, a well-recognized neutrophil survival factor (1, 32) . Such a delay could potentially provide the alveolar macrophage enough time to recover from the suppressive effects of TNF␣ before the onset of neutrophil cell death. In this context, it is important to note that in our in vitro systems the suppressive effect of TNF␣ on macrophage phagocytosis lasted less than 12 h (22) . A second possibility for the apparent lack of an augmented inflammatory effect with TNF␣ and LPS is that TNF␣ was administered too early in the inflammatory cascade. We chose to administer TNF␣ at the peak of neutrophil influx; however, we do not know the time at which maximal neutrophil apoptosis and phagocytic clearance normally occur, since under most circumstances apoptotic neutrophils are cleared so quickly that it is difficult to detect their presence (6, 21) .
TNF␣ may both prolong the lifespan of neutrophils and impair their subsequent clearance. It is therefore important to understand how the timing of cell death and the removal of apoptotic cells determine the outcome of an inflammatory response. For example, delaying apoptosis (and subsequent apoptotic cell clearance) by administration of a pan-caspase inhibitor during early inflammation exacerbates inflammation (5) . Conversely, caspase administration during the resolution phase of inflammation results in lung fibrosis (5) . In models of self-limited inflammation, the clearance of apoptotic cells leads to the production of potent anti-inflammatory mediators including TGF-␤ and IL-10 (8, 9, 16). It is therefore likely that both timing and amplitude of inflammatory mediator production are critical. Thus, early production of TNF␣ in an acute inflammatory response may lead to reduced clearance of apoptotic inflammatory cells and enhanced inflammation. Later, as the levels of TNF␣ decrease and those of TGF-␤ increase (16) , the balance may tip towards the resolution phase of inflammation. The sensitivity of effector cells to inflammatory mediators (e.g., TNF␣) and the resultant effect on apoptotic cell clearance may represent an important determinant in the final outcome to tissue injury, final resolution to normal structure and function, persistent inflammation, or if TGF-␤ is produced in excess and for too long, fibrosis. The presence of increased numbers of apoptotic cells in chronic inflammatory conditions in which TNF␣ is present (23) , such as cystic fibrosis, chronic obstructive pulmonary disease (3, 4) , and rheumatoid arthritis (18), might therefore not only reflect increased induction of apoptosis but also decreased clearance of apoptotic cells.
